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 Protozoan parasites have long been known to cause a range of infectious 
diseases, particularly within tropical countries where suitable vectors abound. 
However, a number of non-vector borne organisms have been detected in 
subtropical and temperate climes in association with focal outbreaks of disease or 
as opportunistic parasites in individual hosts. The coccidian parasite 
Cryptosporidium and the flagellate Giardia have been increasingly associated with 
water-borne outbreaks of gastroenteritis and both are currently considered to 
represent global public health problems. Infections by cyanobacteria-like bodies in 
diarrhoeic patients are now known to be caused by the sporozoan Cyclospora. 
Infections by the cyst-forming sporozoan parasite Toxoplasma are becoming more 
frequently associated with encephalitis in immunocompromised patients and the 
closely-related sporozoan Neospora has been discovered to cause abortion and 
neonatal mortality in ruminants, equids and canids. Opportunistic infections by the 
free-living amoebae Balamuthia and Acanthamoeba have been found to cause fatal 
meningoencephalitis or corneal keratitis in huma ns and various microsporidia 
(Enterocytozoon, Encephalitozoon, Nosema, Vittaforma) have been associated 
with enteric, disseminated or ocular infections, mainly in children and AIDS 
patients.  Myxozoan spores have also been detected for the first time in human stool 
samples but they appear to be incidental findings unrelated to clinical symptoms. 
 
 Further studies on these emerging pathogens are required to facilitate their 
rapid and accurate diagnosis, establish their infectivity and specificity for human 
and animal hosts, determine their virulence and pathogenicity and develop effective 
treatment, prevention and control strategies. The objective of the present paper is to 
summarise our current knowledge of these parasites within a conventional 
protozoological context; that is, to review the general characteristics for each 
parasite group and provide specific information on: 
· parasite morphology, 
· host range, 
· site of infection, 
· pathogenesis, 
· transmission, 
· diagnosis, and 
· treatment. 
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PROTOZOA 
 
 Protozoa are simply defined as unicellular eukaryotes (single-celled 
organisms with membrane-bound nuclei). All exist as structurally and functionally 
independent cells. None have adopted multicellular somatic organisation 
characteristic of metazoan organisms. Instead, protozoa have developed specialized 
subcellular features (membranes & organelles) which enable them to survive the 
rigours of their environments.  Protozoan organisms are ubiquitous in aquatic and 
terrestrial environments and as symbiotes, commensals or parasites of most animals 
and many plants.  They exhibit enormous diversity in form and function and over 
65,000 species have been described. Four major groups are recognized on the basis 
of their morphological characteristics: 
 
· Mastigophora (‘flagellates’) with elongate whip-like flagella; 
· Sarcodina (‘amoebae’) with temporary pseudopodia, 
· ‘Sporozoa’ (spore-forming Apicomplexa, Microspora and Myxozoa); and 
· Ciliophora (‘ciliates’) with hair-like cilia. 
 
 
FLAGELLATES 
 
 Two types of flagellates are recognized; phytoflagellates with chloroplasts 
and zooflagellates without chloroplasts. The former are essentially free-living 
organisms whereas the latter mainly occur as symbiotes, commensals or parasites 
in insects and some vertebrates. One group of zooflagellates, the diplomonads, are 
recognized by the possession of two nuclei and the duplication of other organelles. 
They typically form reproductive cysts (each containing 4 nuclei) which facilitate 
their transmission between hosts. Recent improvements in diagnostic technologies 
have revealed Giardia cysts to be frequent contaminants of freshwater supplies and 
the emergence of drug-resistant strains has rekindled interest in these parasites as 
enteropathogens of vertebrates. 
 
Giardia spp.         [cause giardiasis in humans and animals] 
 
Morphology: Trophozoites 10-30 mm long; with 8 flagella, prominent ventral 
sucking disc and 2 median bodies. 
 
Host range: Infections have been recorded in many human and animal populations 
throughout the world. Some 40 species have been described on the basis of host 
occurrence but most are morphologically indistinguishable. Recent cross-
transmission studies have indicated that most vary markedly in their host specificity 
and zoonotic potential. Three main species groups are currently recognized: 
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Group 
 
Synonyms 
 
Host range 
 
Size (L x B) 
G. duodenalis 
 
G. intestinalis 
G. lamblia 
mammals (including man),  
birds, reptiles 
 
12-15 x 6-8 mm 
G. muris G. ardae rodents, birds, reptiles 10-12 x 5-7 mm 
G. agilis G. gracilis amphibia, birds, reptiles 20-30 x 4-5 mm 
 
 
Site of infection: Flagellated trophozoites are found in the small intestines of their 
hosts where they adhere to the mucosal surface by their sucking (adhesive) discs 
and feed on mucous secretions. 
 
Pathogenesis: Heavy infections interfere with the absorption of fats and other 
nutrients causing watery diarrhoea accompanied by dehydration, intestinal pain and 
flatulence. Most clinical infections are self-limiting and resolve spontaneously but 
some persist leading to chronic weight loss. Young individuals are most 
susceptible to clinical infections and focal outbreaks are common in child day-care 
centres and among intensively-reared neonatal domestic and companion animals. 
Not all infected individuals, however, develop clinical signs but may remain 
asymptomatic carriers. 
 
Transmission: Trophozoites passing to the colon form cysts which are excreted and 
contaminate the environment. The cysts undergo nuclear division as they mature 
becoming quadrinucleate. When ingested by a new host, they excyst in the small 
intestine releasing both contained trophozoites. Most infections are transmitted by 
faecal-oral route but reports of water-borne transmission are becoming more 
frequent. 
 
Diagnosis: Infections are frequently diagnosed by clinical symtomatology alone. 
The detection of cysts in faecal samples is unreliable due to their intermittent 
excretion. Immunodiagnostic kits for detecting organisms or antigens in clinical or 
environmental samples are gaining more widespread acceptance. 
 
Treatment: Drug therapy is usually effective (metronidazole, quinacrine) but there 
are growing problems with drug-resistant parasite strains. Control depends largely 
on good sanitation, proper effluent disposal and effective water treatment. 
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AMOEBAE 
 
 Few species of amoebae are truly parasitic and most texts list only those 
causing amoebic dysentery in mammals (eg. Entamoeba histolytica). The 
overwhelming majority of amoebae are free-living aquatic or terrestrial organisms 
which contribute to water quality or soil health by consuming bacteria and algae 
and recycling nutrients. Nonetheless, opportunistic infections by the free-living 
species Naegleria fowleri have been shown to cause primary amoebic 
meningoencephalitis in humans. In addition, there are a growing number of reports 
of opportunistic infections by other free-living species causing neurological 
disorders in mammals. 
 
Balamuthia mandrillaris     [causes meningoencephalitis in man and primates] 
 
Morphology: Trophozoites pleomorphic 15-60 mm in size; cysts ovoid 7-17 mm in 
diameter with thick cyst wall; all stages containing nuclei with prominent nucleoli. 
 
Host range: Infections recorded in mandrill, gorilla, orang utan, sheep, horse and 
humans (especially children and immunocompromised adults) from North America 
and Australia. 
 
Site of infection: Trophozoites prominent n malacic lesions in brain and also 
packed into perivascular spaces adjacent to necrotic and inflamed vessels. 
 
Pathogenesis: Clinical signs include depression, lethargy, inappetence, head pain, 
ataxia, disorientation. Acute onset meningoencephalitis often fatal. Brain lesions 
more necrotic than granulomatous (opposite for Acanthamoeba meningo-
encephalitis). 
 
Transmission: Amoebae are normally free-living aquatic or soil organisms. 
Opportunistic infections occur via nasal mucosa and cribiform plate. 
 
Diagnosis: Parasites detected post-mortem in histological sections; trophozoites 
weakly PAS positive, cysts strongly PAS positive. Balamuthia differentiated from 
Acanthamoeba by immunolabelling using specific antisera (Naegleria fowleri does 
not form cysts in tissues). 
 
Treatment: No effective treatment known but in vitro studies indicate susceptibility 
to pentamidine isethionate, propamidine isethionate, polymyxin and gramicidin. 
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APICOMPLEXA 
 
 These spore-forming protozoa are characterized by the possession of a 
special group of organelles collectively known as an apical complex. All species 
are obligate intracellular parasites in vertebrate and/or invertebrate hosts. The 
coccidia are a well known group which form produce resistant oocysts to facilitate 
their transmission between hosts. Different genera are identified on the basis of 
their oocyst configuration (number sporocysts per oocyst, number sporozoites per 
sporocyst). Hundreds of species have been described and many have been 
associated with disease in domestic and companion animals. Two main 
assemblages are recognized on the basis of their life cycles: 
 
Enteric coccidia Tissue cyst-forming coccidia 
[Eimeriidae, Cryptosporidiidae] [Toxoplasmatidae, Sarcocystidae] 
monoxenous life cycles (rapid) heteroxenous life cycles (slow) 
gametogony & merogony 
in digestive tract of single host 
(herbivore or carnivore) 
gametogony in digestive tract 
of definitive (final) host 
(usually carnivorous predator) 
no intermediate host merogony in intermediate host 
(usually herbivorous prey animal) 
sporogony external sporogony internal 
 
Enteric coccidia 
 
 Coccidiosis is a well known diarrhoeal disease causing significant 
morbidity and mortality in young growing animals. Infections by Eimeria and 
Isospora spp. are common in domestic and wild animals throughout the world and 
hundreds of species have been described. More recently, infections by 
Cryptosporidium and Cyclospora have become recognized as enteropathogens of 
mammals. 
 
Cryptosporidium spp.          [cause cryptosporidiosis in vertebrates] 
 
Morphology: Endogenous developmental stages appear as small basophilic bodies 
(3-6 mm) attached to the luminal surface of host epithelial cells; exogenous oocysts 
appear as ovoid phase-bright bodies (5-7 x 4-6 mm) with 4 naked sporozoites 
(sporocysts absent) and an eccentric residual body.  
 
Host range: Infections have been detected throughout the world in numerous species 
of mammals, birds, reptiles and fish. Cross-transmission studies have indicated that 
different parasite species occur in different vertebrate classes (2 species are 
regarded as valid in mammals, 2 in birds, 1 in reptiles and 1 in fish). 
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Parasite species Hosts Site of infection Disease Oocyst size 
C. parvum mammals intestines acute 5.0 x 4.5 mm 
C. muris mammals stomach chronic 7.4 x 5.6 mm 
C. meleagridis birds intestines acute 5.2 x 4.6 mm 
C. baileyi birds bursa, trachea acute 6.2 x 4.6 mm 
C. serpentis reptiles stomach chronic 6.2 x 5.3 mm 
C. nasorum  fish intestines, stomach chronic 4.3 x 3.2 mm 
 
Site of infection: Most species infect the intestines (particularly in mammals) 
whereas others infect the respiratory tract (mainly in birds) or stomach (always in 
reptiles). The parasites are located within the epithelial microvillous brush border 
and they undergo several cycles of asexual development before forming oocysts. 
 
Pathogenesis: Infections vary markedly in their presentation ranging from 
asymptomatic to mild acute to severe chronic disease. Most clinical infections in 
immunocompetent individuals involve transient acute disease characterized by 
profuse watery diarrhoea or acute respiratory signs. Neonates and young 
individuals are most susceptible whereas older animals become resistant. 
Infections may persist in immunocompromised individuals (those with congenital or 
acquired immunodeficiencies or those undergoing immunosuppressive therapy) 
resulting in protracted chronic disease which may prove fatal (especially in AIDS 
patients). In contrast, infections in reptiles (and possibly fish) cause chronic 
gastritis typified by postprandial regurgitation. 
 
Transmission: Oocysts excreted by infected hosts contaminate the environment and 
initiate infections when ingested by susceptible hosts. Some oocysts are thought to 
be auto-infective and may excyst in the same host. Oocysts are being detected with 
increased frequency in treated and untreated water supplies and appear to survive 
most conventional methods of water treatment. Certain genotypes of C. parvum in 
domestic mammals appear to be zoonotic whereas others fail to infect humans. 
 
Diagnosis: Infections are diagnosed by the detection of oocysts in faecal material or 
respiratory exudates. Unstained oocysts can be confused with yeasts but the oocysts 
are acid-fast. Specific immunolabels have also recently been developed. 
 
Treatment: There is currently no effective chemotherapy for cryptosporidiosis (oral 
or parenteral rehydration therapy may alleviate symptoms). Some promising results 
have been obtained using hyperimmune bovine colostrum for passive 
immunotherapy. Control measures include isolation of infected individuals, 
disinfection of contaminated surfaces, maintaining high standards of hygiene and 
boiling suspect water prior to consumption. 
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Cyclospora spp.  [cause cyclosporiasis in rodents, snakes and humans] 
 
Morphology: Unsporulated oocysts in faeces frequently described as 
cyanobacteria- or coccidia-like bodies (CLB). Sporulated oocysts with isosporid 
configuration (1:2:4), oocysts 8-10 mm in diameter, sporocysts 6 x 4  mm. 
 
Host range: Parasites found in moles, rodents, insectivores, snakes and recently in 
humans. Infections recorded throughout North and South America, Africa, Southeast 
Asia, Australasia and Europe. Species in humans described as C. cayetanensis. 
 
Site of infection: Asexual and sexual developmental stages located in small 
intestinal epithelial cells. 
 
Pathogenesis: Infections in man associated with mild to severe nausea, transient to 
protracted diarrhoea, anorexia and abdominal cramping.  
 
Transmission: Presumed to be faecal-oral route of transmission via contamination 
of environment. Most infections have been seasonal peaking in prevalence during 
late summer-early autumn. A recent outbreak in the USA was traced to raspberries 
sprayed with contaminated water and there is growing epidemiological evidence to 
suggest water-borne transmission. 
 
Diagnosis: Oocysts detected in stool samples by phase-contrast microscopy, acid-
fast staining and autofluorescence. Oocysts require 7-13 days in 1-2% potassium 
dichromate to sporulate. 
 
Treatment: To date, the only successful therapy has been daily treatment with 
trimethoprim-sulfamethoxazole for at least 4-7 days in immunocompetent patients 
and double prolonged doses in immunocompromised patients. 
 
Tissue cyst-forming coccidia 
 
 These parasites have heteroxenous (2-host) life-cycles alternating between 
sexual development and oocyst formation in definitive hosts (carnivores) and 
asexual development and tissue cyst formation in intermediate hosts 
(herbivores/omnivores). The best known representatives of the group are 
Toxoplasma and Sarcocystis which have been associated with abortion, illthrift 
and chronic tissue lesions in a variety of domestic and wild animals. Toxoplasmic 
encephalitis has become a recurrent problem in AIDS patients and the recently 
discovered parasite Neospora has been associated with abortion and neonatal 
mortality in ruminants and equids and hindlimb paresid in dogs. 
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Toxoplasma gondii         [causes toxoplasmosis in numerous vertebrates] 
 
Morphology: Tissue cysts variable in size (10-100 mm), surrounded by thin primary 
cyst wall (<0.5 mm); small oocysts (10-13 x 9-11 mm) containing 2 sporocysts, 
each containing 4 sporozoites. 
 
Host range: Infections have been detected worldwide in a diverse range of 
vertebrate hosts; carnivores, herbivores, insectivores, rodents, pigs, primates 
(including man) and occasionally in birds. Sexual development and oocyst 
formation only occurs, however, in feline hosts. Only one parasite species is 
considered valid due to the lack of intermediate host specificity. 
 
Site of infection: In cats, parasites undergo asexual and sexual multiplication in 
intestinal epithelial cells culminating in the formation of oocysts 3-5 days after 
infection. In all other vertebrate hosts, parasites undergo asexual multiplication in a 
wide range of extra-intestinal locations (cells of the lymphatic and circulatory 
systems, nervous tissue, skeletal musculature, etc.). During the acute phase of 
infection, the parasites divide rapidly forming small groups of tachyzoites which 
lyse host cells. As infections become chronic, the parasites divide more slowly 
forming large accumulations of bradyzoites particularly within the brain, heart and 
skeletal muscle. The tissue cysts are surrounded by a thin cyst wall and they persist 
for months or years after infection. Cyst formation coincides with the development 
of host immunity (not sterile immunity but rather a state of premunition). 
 
Pathogenesis: Many host species exhibit an age-related resistance to disease 
therefore most infections in adults and weaned individuals are asymptomatic. In 
susceptible hosts, symptomatic infections may be acute, subacute or chronic. Acute 
infections by proliferating tachyzoites cause flu-like symptoms including 
lymphadenitis, fever, headache, muscle pain and anaemia. Symptoms generally 
subside with the development of immunity but may sometimes persist producing 
subacute disease characterized by extensive lesions in the lung, liver, heart, brain 
or eyes. Chronic infections by encysted bradyzoites usually cause few clinical signs 
although degenerating cysts have been associated with hypersensitive inflammatory 
reactions resulting in encephalitis, myocarditis, chorioretinitis, etc. Infections may 
be reactivated by immunosuppressive therapy or acquired immunodeficiencies. 
Tragically, infections may also be transmitted transplacentally. If the mother 
contracts infection during pregnancy, parasites may cross the placenta and infect the 
foetus causing spontaneous abortion, stillbirth or congenital abnormalities such as 
hydrocephalus, brain calcification, chorioretinitis and mental retardation. [NOTE: 
if the mother is infected prior to pregnancy, her immunity is transferred to her foetus 
which is consequently protected]. 
Transmission: Infections are transmitted by the ingestion of oocysts excreted by 
cats, by the ingestion of fresh or undercooked meat containing viable zoites, or 
transplacentally. 
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Diagnosis: Parasites may be detected in autopsy or biopsy material by histology, 
immunolabelling or animal inoculation. Most infections, however, are diagnosed 
serologically and elevated IgM antibody titres are considered to be indicative of 
recent infection. 
 
Treatment: Chemotherapy is successful when pyrimethamine and sulphonamides are 
given together as they act synergistically. The toxic side-effects of bone marrow 
depression can be relieved by the administration of folinic acid. The risk of 
transmission can be reduced by maintaining high standards of hygiene particularly 
where cats are involved, by thoroughly cooking or deep freezing meat prior to 
consumption and washing potentially contaminated foodstuffs. 
 
 
Neospora spp.  [cause neosporosis in ruminants, equids, felids and canids] 
 
Morphology: Tissue cysts are morphologically indistinct from those of Toxoplasma 
although the primary cyst wall is slightly thicker (1-2 mm). However, the parasites 
are antigenically distinct and do not cross-react with Toxoplasma immune or anti-
sera. Oocysts (10-11 mm in diameter) have an isosporid configuration (1:2:4) and 
are morphologically similar to Toxoplasma and Hammondia.  
 
Host range: Two species have been described on the basis of host, antigenic and 
DNA differences: N. caninum in dogs, cats, cattle, sheep, goats, horses and deer in 
North America, Europe and Australia; and N. hughesi in horses in USA. 
 
Site of infection: Cysts have been detected in various tissues, especially brain, 
spinal cord and muscle. 
 
Pathogenesis: Infections have been associated with paralysis in dogs and neonatal 
mortality and abortion in all other hosts. Abortion in cattle usually occurs in mid-
pregnancy and congenitally infected calves may be born paralyzed or become 
paralyzed. The parasites cause focal necrosis, inflammation and encephalomyelitis. 
 
Transmission: Until recently, transplacental transmission was the only known mode 
of transmission. Repeated congenital transmission was recorded for individual 
animals and their offspring. Cross-transmission studies have now shown the 
definitive host for N. caninum to be the dog (that for N. hughesi is unknown). 
Oocysts were shed in dog faeces from 8-27 days after ingesting infected tissues. 
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Diagnosis: Infections are generally diagnosed by the microscopic detection of 
parasites in histological sections of autopsy/biopsy material and confirmed by 
immunohistochemistry using specific immune sera. Immunoassays have also been 
developed to detect host antibodies and bioassays may be performed in cell 
cultures or laboratory mice 
 
Treatment: To date, most infections have been diagnosed post-mortem and little is 
known about effective treatment. 
 
 
MICROSPORA 
 
 This group of spore-forming parasites is characterized by the formation of 
unicellular spores containing coiled polar tubes which can be everted to inject the 
infective sporoplasm into host cells. They are regarded to be primitive eukaryotes 
as they lack mitochondria and have prokaryote-like ribosomes. They are obligate 
intracellular parasites and over 1,000 species have been described in invertebrates 
and lower (rarely higher) vertebrates. Infections have been recorded in helminths, 
annelids, arthropods, fish, amphibia, reptiles, birds and some mammals. A growing 
number of clinical infections have also recently been detected in humans, especially 
in immunocompromised individuals and children. 
 
 
Microsporidian species 
 
Mammalian hosts 
 
Sites of infection 
Enterocytozoon bieneusi humans, pigs intestine, liver 
Encephalitozoon intestinalis 
(syn. Septata intestinalis) 
humans disseminated 
Encephalitozoon hellum humans disseminated 
Encephalitozoon cuniculi rabbits, rodents, canids, 
ruminants, primates, humans 
disseminated 
Nosema connori humans disseminated 
Nosema ocularum humans cornea 
Nosema sp. humans cornea, muscle 
Vittaforma cornea 
(syn. Nosema corneum) 
humans cornea 
Trachipleistophora hominis humans muscle 
Pleistophora sp. humans muscle 
Thelohania apodemi mice brain, muscle 
Thelohania sp. humans muscle, liver, brain 
Microsporidium spp. humans muscle, brain 
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Miscellaneous microspora   [cause microsporidiosis in mammals] 
 
Morphology: Small oval spores 2-7 x 1.5-5 mm, enclosed by phase-bright chitinous 
wall, each containing coiled polar tube. Proliferative stages obligate intracellular. 
 
Host range: Infections have been detected in mammals worldwide, including 
lagomorphs, rodents, canids, felids, equids, ruminants, primates and humans. 
 
Site of infection: Many infections have been disseminated with spores detected 
throughout various tissues whereas the remainder have been confined to specific 
locations, such as the small intestines, cornea or muscles. 
 
Pathogenesis: Infections are typically chronic and subacute in immunocompetent 
hosts but severe and even fatal in immunocompromised hosts. 
 
Transmission: Horizontal transmission commonly by ingestion or inhalation of 
spores. Experimental transmission has been achieved by oral and sometimes 
intranasal inoculation. There is also some evidence of vertical (transplacental) 
transmission. 
 
Diagnosis: Detection of spores in faeces or in biopsy/autopsy material by light 
microscopy (Giemsa, chromotrope, Gram or silver stains) or by electron 
microscopy. Serological tests can detect host antibodies but they do not 
differentiate between previous and current infections. 
 
Treatment: Little is known about effective treatment but symptomatic improvement 
to several antiparasitic agents (metronidazole, trimethoprim-sulfamethoxazole, 
albendazole) has been reported. 
 
MYXOZOA 
 
 These parasites are characterized by the formation of multicellular valved 
spores with polar capsules containing eversible filaments which are used for 
attachment to host cells (not to inject infective sporoplasms). Most species are 
parasitic in the organ cavities and tissues of fish although a few are found in 
amphibia, reptiles and various invertebrates. Organisms have recently been found 
in humans. Spores of Henneguya salminicola were found in two patients, in one 
case being mistaken for human spermatozoa and leading to a suspicion of sexual 
abuse. Spores of Myxobolus plectroplites were found in another three patients 
presenting with diarrhoea. All patients had eaten infected fish (salmon or perch) 
and the passage of mature spores unchanged through their alimentary tracts suggests 
these organisms were incidental findings unrelated to clinical symptoms. 
Diagnosticians should nonetheless be aware of their possible occurrence. 
